Presence and habitat preference of two pelagic ¢sh speciesöMola mola and Ranzania laevisöare investigated from all available records obtained in the Adriatic from 1781 up to today. Absence of systematic investigations is overcome by relating their occurrences to the long-term meteorological and oceanographic data sets representing local conditions and processes. Seasonal and interannual distributions of these two species are signi¢cantly di¡erent and point to a possible di¡erent causes of their appearance. On the seasonal scale almost all ¢ndings of M. mola, with only a few exceptions, are from the warm part of the year, whereas R. laevis is appearing throughout the year with the highest number of individuals in December. Analysis of the interannual meteorological and oceanographic conditions indicates that occurrence of M. mola coincides with the sea warming, whereas the oceanographic conditions favourable for appearance of R. laevis are more complex and could be related to the abrupt change in the large scale atmospheric conditions. Changeable atmospheric conditions coincided with increased productivity in the Adriatic and increased number of zooplankton and small pelagic ¢sh, which are the main food for R. laevis.
INTRODUCTION
The Molidae family is represented in the Mediterranean by the two monotype genera: Ranzania and Mola, with the two species: Ranzania laevis (Pennant, 1776) and Mola mola (Linnaeus, 1758). The occurrences and habitat preference of large pelagic ¢sh species as the sun¢sh, M. mola and R. laevis, are poorly understood because they are rarely encountered and hence have not been the object of systematic investigations. Knowledge of the natural history of Molidae is sparse, but they are recognized as the most fecundant extant vertebrate with a single female capable of producing as many as 3610 6 eggs (Parenti, 2003) . Ocean sun¢sh M. mola inhabit warm and temperate zones of all oceans (occasionally the western Baltic, Mediterranean), while slender sun¢sh R. laevis is a cosmopolitan species, inhabiting subtropical areas of the Atlantic and the eastern Paci¢c (Tortonese, 1990) . These two species are rare in the Adriatic Sea (Jardas, 1985 (Jardas, , 1996 A¡ronte et al., 2002) , and there are only a few contradictory reports on their occurrence. The only published report on the ocean sun¢sh o¡ the eastern Adriatic coast is given by Morovic¤ (1974) , who claims that slender sun¢sh occurs more rarely than ocean sun¢sh, whereas on the other hand several other authors reported sparse data on slender sun¢sh only (Specchi & Bussani, 1973; Onofri, 1978; Jardas & Knez evic¤ , 1983) . Slender sun¢sh has never been recorded in the Black Sea and it is rather rare in the Mediterranean and Adriatic Seas (Jardas & Knez evic¤ , 1983) . In the year 2002, an unusual occurrence of ocean sun¢sh specimens have been recorded along the northern Adriatic coasts. Five specimens were found stranded on the Italian coast and an additional two specimens have been sighted in the period from April to June 2002 (A¡ronte et al., 2002) . The same authors cited only ¢ve records of sun¢sh before that unusual occurrence in 2002 on the Italian coasts of the northern Adriatic.
Very little is known about the biology, ecology and behaviour of these two species. Myers & Wales (1930) presented the data on the occurrence and habits of ocean sun¢sh in Monterey Bay, California. Lee (1986) reported the data on seasonal, thermal and zonal distribution of ocean sun¢sh o¡ the North Carolina coast. Sims & Southall (2002) reported the occurrence of ocean sun¢sh near the fronts in the western English Channel, while Castro & Ramos (2002) related the occurrence of slender sun¢sh to the sea warming o¡ the island of Gran Canaria (Canary Islands), while Cartamil & Lowe (2004) described diurnal movement patterns of ocean sun¢sh o¡ southern California. Houghton et al. (2006) presented data on the distribution, abundance and behaviour of the ocean sun¢sh in the Irish and Celtic Seas.
The present paper aims to assess the presence of the ocean and slender sun¢sh in the Adriatic Sea in relation to the basin-scale meteorological and oceanographic conditions and also to contribute to the knowledge of their populations in the area.
MATERIALS AND METHODS
Data on the occasional surface appearances of the two sun¢sh speciesöMola mola and Ranzania laevisöin the Adriatic for the period 1781 to 2006 were obtained from the published sources (Kolombatovic¤ , 1881 (Kolombatovic¤ , , 1882 Faber, 1883; Katuric¤ , 1892; Kosic¤ , 1898 Kosic¤ , , 1893 Langho¡er, 1905; Ninni, 1912; Parenzan, 1931 Parenzan, , 1978 Morovic¤ , 1974; Onofri, 1978 Onofri, , 1983 Jardas, 1985; Mus in, 1989; Pallaoro & Jardas, 1996 , A¡ronte et al., 2002 and interviews with ¢shermen (Table 1) . Each record has the date and location of occurrence. There is only rare evidence on the strandings of the sun¢sh in the whole eastern Mediterranean basin and Adriatic (Jardas, 1996) . For that reason, each record of rare or little-known ¢sh species has been always registered by scientists or by ¢shermen who always inform scientists about the record. There is a long tradition of monitoring of exotic, rare and little-known ¢sh in the Adriatic (about 225 years) and cooperation between scientists and ¢shermen in tracking records of such ¢sh.
We tried to overcome the absence of systematic investigations of the sun¢sh species in the Adriatic by relating their reported occurrences to the regularly measured oceanographic and meteorological parameters. Therefore, seasonal and interannual variability in the appearances of these two species is discussed in relation to the air and sea surface temperatures (SST). All available occurrences of M. mola and R. laevis were linked to the long-term air temperature data from the meteorological station Hvar (Figure 1 ). Hvar station is suitable for discussion since its long-term data series on the monthly and annual scale represents well atmospheric conditions along the Adriatic coast. The recent records (from 1986 up to today) for sea surface temperatures at the location closest to the occurrence spot were obtained from satellite measurements published in SATMER (1986^2002) and from NOAA/ NASA AVHRR Oceans Path¢nder SST night-time data with 4 km resolution (http://podaac.jpl.nasa.gov; Vazquez et al., 1998) . These values were compared to the climatological annual course of the in-situ SST from two permanent oceanographic stations in the northern (Maselli et al., 1990; Crisciani et al., 1995) and middle Adriatic: Trieste and Stonc ica (Figure 1 ). Salinity data from the intermediate layer of the Stonc ica station were also used in the discussion of the sun¢sh appearances, since it is well known that intermediate salinity is an indicator of the increased in£ow of the warm and salty water from the Ionian Sea to the Adriatic (Buljan & ZoreArmanda, 1976 ).
An atmospheric index related to the Adriatic climate is de¢ned and used in the analysis. It is de¢ned following the procedure from Grbec et al. (2002) as the ¢rst principal component of Principal Component Analysis (PCA) applied to the mean annual air pressure data over the northern hemisphere within the area 308W^408E and 308^658N for the period 1960^2003. The sea level pressure data are taken from the NCEP/NCAR reanalysis dataset (http://www.cdc.noaa.gov) and the obtained index describes mean annual pressure variability over the central part of the northern Atlantic, important for the Adriatic climate (Grbec et al., , 2003 . Figure 1 indicates that most of the occurrences of the two sun¢sh species are from the eastern coast, with only a few records of Mola mola along the western coast.
Seasonal distributions of the occurrence of the two sun¢sh species are di¡erent (Figure 2 ): M. mola is appearing in the warm season, with only four occurrences in March and one in November, whereas on the other hand Ranzania laevis is appearing almost throughout the year with the highest number of individuals in December. To test the di¡erences in the seasonal cycles of the two sun¢sh species we calculated the signi¢cance level for the di¡erence between proportions of small independent samples. Mola mola and R. laevis occurrences are independent since their correlation coe⁄cient is not signi¢cant. The signi¢cance level for the di¡erences is computed based on the t-values for the respective comparison. In the calculations we compared per cents of the occurrences for both species in the cold and warm seasons, with the cold season being October, November, December, January, February and March, and the warm season being April, May, June, July, August and September ( Figure 2B ). The ¢rst hypothesis that the occurrences of the two species are di¡erent in the cold part of the year is signi¢cant at the level of 99%. The same result is obtained for the warm part of the year, again the occurrences of the two species are signi¢cantly di¡erent with the same significance level. Hence, both hypotheses con¢rm signi¢cantly di¡erent seasonal occurrences for these two species.
Satellite estimates of SST at the positions of the sun¢sh occurrences were above 208C, with the exception of the M. mola ¢ndings from March 1987 and 1999 and ¢ndings from April 2002 ( Figure 3B) . Comparison of the satellite SST at the location of the sun¢sh occurrences with the in situ climatological SST from the permanent oceanographic stations Stonc ica and Trieste showed that temperatures associated with M. mola and R. laevis appearances were below the climatological monthly values only in three cases and the di¡erences were below half a degree (Figure 3) . Although the satellite infrared sensor actually measures skin surface temperature, obtained estimates are calibrated with in situ temperatures and therefore satellite estimates follow better in situ than skin temperature (Schluessel et al., 1990) . Moreover, skin temperatures, especially the night ones which are used in our study, are due to the longwave radiation and evaporation below in situ values (Smith et al., 1996) and therefore we can accept the statement that SST values at the spots of the recent occurrences of both species are higher than climatological values. Unfortunately, during the period between 1977 and 1980 with the numerous occurrences of R. laevis satellite SST estimates are not available and the previous statement is questionable for this species.
Available satellite SST images from SATMER (19862 002) publications and Path¢nder dataset (http:// podaac.jpl.nasa.gov; Vazquez et al., 1998) coinciding with the sun¢sh occurrences showed no distinguishable patterns like ¢laments, fronts, eddies etc. It should be noted that almost all recent occurrences of M. mola were during the summer, as well as recent occurrences of R. laevis, when the Adriatic surface temperature ¢eld is characterized by weak thermal gradients (Artegiani et al., 1997; Gac ic ¤ et al., 1997) . Mesoscale circulation patterns are usually connected with strong wind and river in£u-ence, which are signi¢cant in the Adriatic during the other seasons.
To resolve a strong interannual variability in the occurrence, an attempt is made to connect it with the long-term atmospheric, and consequently oceanographic changes.
The M. mola occurrences are related to the air temperature from the meteorological station Hvar ( Figure 4A ). The period with the most numerous M. mola occurrences from 1998 to 2006 has signi¢cantly higher summer temperatures than the period 1961^1997 with signi¢cance level of 99%, which con¢rms the statement that this species prefers warm summers. The most numerous occurrences of R. laevis were during winters in the period from 1977 to 1980 ( Figure 4B) . Comparison of the mean winter temperatures for the periods 1961^1976 and 1981^2003 with winters from 1977 to 1980 indicates that latter temperatures are signi¢cantly below the long-term average with signi¢cance level of 99%.
Comparing environmental conditions with occurrences of both species, additional analyses were made. Since most of the M. mola occurrences were from the warm part of the year and from the years with warm summers we compared its cumulative occurrence with the cumulative records of air temperature ( Figure 5A ). As the curves correspond very closely, we believe that the occurrences of M. mola are connected to the air, and consequently sea warming. The period with the most numerous occurrences of R. laevis (1977^1980) is signi¢cantly connected with low winter temperatures, and this period also seems to be linked to the shift in climatic regime. Namely, the analysis of the mean annual pressure index over the middle Atlantic ( Figure 5B ) reveals the marked decrease in the period 1975^1978, which precedes the years with the highest number of R. laevis captures. The observed shift in the pressure regime is probably similarly linked with the changes in the Adriatic ecosystem that followed couple of years later and were reported by several authors. PucherPetkovic¤ et al. (1987) reported an abrupt increase in the Adriatic primary production, whereas Marasovic¤ et al. (1988) found the correlation between increased productivity and catch of small pelagic ¢sh in the middle Adriatic with a lag of two years.
DISCUSSION
The frequency rate of the two sun¢sh species in the Adriatic is di¡erent according to di¡erent authors. Morovic¤ (1974) stated that the slender sun¢sh occur more rarely than ocean sun¢sh, while according to other authors ocean sun¢sh is particularly rare (Specchi & Bussani, 1973; Onofri, 1978; Jardas & Knez evic¤ , 1983) . Irrespective of these contradictory reports, both species are rare in the Adriatic Sea. In the period from 1781 to 2006 we found 43 and 35 records of ocean and slender sun¢sh, respectively.
Records on sun¢sh captures are coming mostly from the eastern Adriatic shore (Figure 1 ). There are several records of Mola mola from the western shore, but no records of Ranzania laevis there. The surface circulation in the Adriatic is cyclonic (Buljan & Zore-Armanda, 1976 ) with incoming £ow along the eastern coast. These species, probably coming from the Mediterranean, enter the Adriatic following the north-westward current on their way from the Otranto Strait toward the northern Adriatic.
The question is what is the reason for di¡erent occurrence frequency of these two species in di¡erent years and why are the records of R. laevis randomly distributed throughout the year (although the highest number of individuals were observed in December), whereas M. mola appears mostly in the warmer part of the year ? This cannot be easily answered since, on the one hand the records of these species are still very rare, even in the years of their increased occurrence, and on the other hand knowledge on ecology and biology of the two species is rather poor.
Most of the ¢ndings of the ocean sun¢sh around the world originate from the warm part of the year, similarly as in the Adriatic. Ocean sun¢sh observed in the western Atlantic o¡ North Carolina were not randomly distributed by season or location and were most frequently encountered in spring (mid-April to mid-May) and occasionally in summer and autumn, but were absent in winter (Lee, 1986) . Sims & Southall (2002) reported that ocean sun¢sh were not seen in May in any year in the western English Channel, but occurred almost entirely during June and July, although an individual was sighted in early September 1995.
There are some indications that slender sun¢sh are spawning in the Adriatic Sea, as Jardas & Knez evic¤ (1983) reported a caught male with fully ripe testicles ready for spawning. The same authors concluded that this species spawn probably at the end of the year and have connected such behaviour with their more frequent records in the colder part of the year, when they appear closer to the coast.
The presence of slender sun¢sh, as reported also for other Molidae, is normally associated with the seasonal warming process (Quero et al., 1983) . Castro & Ramos (2002) also reported the occurrence of slender sun¢sh o¡ the island of Gran Canaria (Canary Islands) in relation to the sea warming. Generally for the Adriatic, Dulc ic¤ et al. (2004) reported that the ¢sh species richness correlates signi¢cantly with the temperature data, and that variations in temperature conditions correlate well with the North Atlantic Oscillation index. Although the increased number of ocean sun¢sh in the Adriatic during the last decade seems to be related to the increased summer temperatures, a similar conclusion cannot be reached for slender sun¢sh. On the contrary, our records on slender sun¢sh are correlated with winters having air temperatures below the long-term average. Around the coasts of Britain and Ireland M. mola is the most frequently reported member of the Molidae with R. laevis sighted only very rarely (Wheeler, 1969) .
Numerous R. laevis winter occurrences during the period 1977^1980 are intriguing and we assume that they could be related to the abrupt increase of the primary productivity observed in the Adriatic Sea by the end of 1970s (Pucher-Petkovic¤ et al., 1987) . Changes in the primary production are coinciding with changeable atmospheric conditions on the hemispheric-scale, represented by air pressure index ( Figure 5B ). Increased productivity was bene¢cial for the ¢sheries of the small pelagic ¢sh: e.g. in the middle Adriatic the connection between increased productivity and sardine catch has been found with a lag of approximately two years (Marasovic¤ et al., 1988) . In this period huge quantities of jelly¢sh (especially Pelagia noctiluca) were also recorded in the Adriatic Sea (Purcell et al., 1999) . Generally molids are reported to feed primarily on planktonic organisms and small pelagic ¢sh, although a variety of prey such as brittlestars, £ounders, and leptocephalus larvae have been found in their guts (Norman & Fraser, 1949; Sommer et al., 1989 ). Therefore we believe that R. laevis increased in number in the Adriatic as a result of food foraging. Specchi & Bussani (1973) held that a slender sun¢sh individual caught from the Port of Trieste was associated with the currents which carried water masses from the southern Adriatic and Ionian Sea, and that it was in pursuit of small pelagic ¢sh on which it probably fed. (Cleveland, 1979) .
Increased in£ow of the warm and salty Ionian water mass into the Adriatic assumed by Specchi & Bussani (1973) can be con¢rmed by the corresponding intermediate salinity increase in the middle Adriatic (Figure 6 ). The highest frequency of slender sun¢sh records during the period 1977 and 1980 reported by Jardas & Knez evic¤ (1983) could be attributed to the same cause since this period was also characterized by the salinity increase ( Figure 6 ) and by the increased productivity as already discussed.
CONCLUDING REMARKS
Although spatial and temporal distributions of two sun¢sh species do not arise from systematic investigations, their relation to the regularly measured meteorological and oceanographic parameters allowed us to bring the following conclusions.
All captures of Mola mola in the Adriatic, with a few exceptions, are from the warm part of the year, which is in agreement with the published ¢ndings for other areas. Ranzania laevis captures are distributed throughout the year, with the highest number of individuals in December, which can be connected with their spawning period. Interannual distribution of M. mola is correlated with the increased summer temperatures during the last decade, whereas R. laevis appearance seems to be connected with the increased productivity in the Adriatic and accompanied increased number of zooplankton and small pelagic ¢sh, their main food.
Even though our results highlight some aspects of the population dynamics and distribution of two sun¢sh species in the Adriatic Sea, their status needs to be evaluated on a continuous basis, as it is becoming increasingly apparent that uncommon species, and particularly those on the edge of their distribution, can be essential indicators of environmental changes (Swaby & Potts, 1990; Dulc ic¤ & Pallaoro, 2002) . There is also a need for satellite-tracking studies to determine the movements and habitat preferences of these two species over diel and seasonal scale.
AVHRR SST data were obtained from the NASA Physical Oceanography Distributed Active Archive Center at the Jet Propulsion Laboratory, California Institute of Technology, USA. NCEP air pressure re-analysis data were provided by the NOAA-CIRES ESRL/PSD Climate Diagnostics branch, Boulder, Colorado, USA, (http://www.cdc.noaa.gov/). Meteorological data from Hvar Station are kindly provided by the Meteorological and Hydrological Service of the Republic of Croatia.
